Neutrosophic Sets and Systems
Volume 37

Article 14

1-1-2020

Experts’ Selection for Neutrosophic Delphi Method. A Case Study
of Hotel Activity
Vladimir Vega Falcón
Belkis Sánchez Martínez
Fernando Castro Sánchez

Follow this and additional works at: https://digitalrepository.unm.edu/nss_journal

Recommended Citation
Falcón, Vladimir Vega; Belkis Sánchez Martínez; and Fernando Castro Sánchez. "Experts’ Selection for
Neutrosophic Delphi Method. A Case Study of Hotel Activity." Neutrosophic Sets and Systems 37, 1
(2020). https://digitalrepository.unm.edu/nss_journal/vol37/iss1/14

This Article is brought to you for free and open access by UNM Digital Repository. It has been accepted for
inclusion in Neutrosophic Sets and Systems by an authorized editor of UNM Digital Repository. For more
information, please contact amywinter@unm.edu, lsloane@salud.unm.edu, sarahrk@unm.edu.

Neutrosophic Sets and Systems
{Special Issue: Impact of neutrosophy in solving the Latin American's social problems}, Vol. 37, 2020

University of New Mexico

Experts’ Selection for Neutrosophic Delphi Method. A
Case Study of Hotel Activity
Vladimir Vega Falcón 1, Belkis Sánchez Martínez2, and Fernando Castro Sánchez3
1

Universidad Regional Autónoma de Los Andes, Ecuador. E-mail: ua.vladimirvega@uniandes.edu.ec
Universidad Regional Autónoma de Los Andes, Ecuador. E-mail: ua.belkissanchez@uniandes.edu.ec
3
Universidad Regional Autónoma de Los Andes, Ecuador. E-mail: ua.fernandocastro@uniandes.edu.ec
2

Abstract. This investigation aims to model experts’ selection for neutrosophic Delphi method. The phase of selecting experts is
essential to obtain adequate results in Delphi method, thus this phase deserves a major attention. The proposed method considers
the complexity of the subject, according to experts’ criteria to fix the number of experts necessary to apply the neutrosophic
Delphi method. Single-valued triangular neutrosophic numbers are used to measure experts’ self-evaluations and the weights of
expertise criteria. Neutrosophy allows us to include indeterminacy, which is typical in any decision-making problem, as well as
the calculation based on linguistic terms. Hotel activity serves as a case study for illustrating the applicability of the method in a
real life situation.
Keywords: Neutrosophic logic, neutrosophic Delphi method, expert selection process, intellectual capital.

1 Introduction
Among the qualitative methods, Delphi is one of the most widely used in scientific researches. This method is
applied to solve many types of problems. Among them, we may find the topic identification in a research, to
elaborate instruments for the analysis and collection of information, thus, it is broadly applied in social sciences
[1].
Scientific literature reports that this method has been used in different fields like, economy [2], where it was
introduced for the first time, as a predictive tool of technological aspects and also as a validation system for information collection tools. Its popularity can be verified in [3], where about 500 publications containing this are
reckoned up to the year 1974.
Delphi method is a prospective, expert-based method [4, 5] which is defined as a systematic iterative process
aimed to obtain opinions and, if possible, consensus, of a group of experts [6], considering experts those specialist
who have a close relationship on the issue, sector, technology or object of investigation [6]. This methodology is
appropriate to obtain information from experts based on their knowledge and their ability to analyze the consulted
items. It becomes suitable especially in areas of knowledge, which are usually complex, dynamic, ambiguous and
lacking of information, [4].
Delphi technique was developed in 1950 by the RAND Corporation of Santa Monica, California [7] with the
goal to investigate the impact of technology in the war. The name is derived from the Oracle of Delphi, which was
a popular oracle dedicated to the god Apollo in ancient Greece, inspired by its application as a prospective technique [1].
There are several ways of applying Delphi method [3], e.g., with one or two iterations depending on the degree
of agreement between the panelists. During this procedure, after every round, panelists’ responses are qualitatively
and quantitatively analyzed. Usually they are statistically processed by using medians and confidence intervals.
Delphi method aims to achieve as much as possible the consensus among the panelists. Empirically, variance of
the panelists’ responses for each round is used to measure consensus.
Currently, there are several variants of Delphi method rather than the classical one. Each type has its pros and
cons based on the field of application [8]. The different changes of this technique have caused significant criticism,
which negatively affects its reliability and validity. Selecting a Delphi method variant depends on the problem
object of study. This selection depends on the algorithm’s characteristics, the number of rounds, anonymity, feedback, sampling, and analysis, among other aspects, [8]. The criteria or opinions issued by experts constitute the
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examining aspect of the technique, which may be affected by some variables associated with the specialists involved in the research. The indicators to be considered are: years of experience, qualification, and knowledge
referred to the problem to study.
This investigation aims to describe a procedure for experts’ selection for neutrosophic Delphi method, which
is exemplified with hotel activity. This is a real-life case applied to tourism management, specifically to measure
intellectual capital in one of the hotels of Meliá Group in Cuba.
Expert criterion occupies a significant place between the methods of empirical research in the sciences [9-12],
based on the consultation of people who have deep knowledge about the object of study. There is consent that
collective judgment exceeds the insignificant sum of individual results. The available information is continually
more opposed than that available to the most qualified participants [3], and of course, when working with a group
of experts, one of the main underlying premises is the assumption that a large number of expert judgments are
required to adequately deal with any problem. Although generally a face-to-face exchange between the members
of the group would be inefficient or impossible due to the cost and time needed for all parties to meet.
In literature, there is no consensus regarding the different methods for choosing experts, such as the selection
of individuals, the choice of the best method to use for a particular problem situation although in the state of the
art, the method of the greatest application has been the so-called Delphi method [4]. There are other methods
applicable to the solution of organizational problems, among which stand out the methods of individual aggregates,
the Nominal Group technique and the Group Consensus method. The prediction capacity of the Delphi method is
based on the systematic use of an intuitive judgment exposed by a group of experts. The quality of the results is
mainly due to the care taken in the preparation of the questionnaire and in the election of the consulted experts.
For the authors, an expert is the individual or group of people or organizations capable of offering conclusive
assessments for a particular problem. They are who make recommendations regarding their fundamental moments,
with a maximum of competence. In this regard, it is important that prior to considering a work group, the principal
investigator or facilitator studies experts’ universe linked to the subject. They have to examine and then select the
most competent experts.
Neutrosophy is the branch of philosophy related to neutralities. Neutralities are produced by a lack of information, contradictions, the unknown, inconsistencies, and so on, in human’s information and knowledge. One
component of decision-making is indeterminacy. Neutrosophic logic contains three elements, one of truthfulness,
another of indeterminacy, and a third one of falseness. The three are independent from each other.
Using neutrosophic experts’ selection for neutrosophic Delphi method guarantees to take into account the uncertainty and indeterminacy we deal with when this phase is carried out. We based our solution on the neutrosophic
Delphi method introduced in [13, 14]. Here we generalize to the neutrosophic framework the first phase of the
implementation of the well-known modified Delphi method, in a version elaborated by Kaufmann and Gil Aluja
in [15] known as Fuzzy-Delphi. In this version, expert theory is incorporated as a valuable tool, which allows us
to aggregate the opinion of several experts so that it is transformed into a single truly representative opinion of all
of them, that allows to perform the measurement of intellectual capital [16]. The advantage over fuzziness is that
neutrosophic framework explicitly contains indeterminacy, thus the results are more accurate than fuzzy theory[17].
We have to highlight the application of a neutrosophic Delphi method for evaluating scientific research proposals
that can be read in [14].
The intellectual capital in hotel activity [18] is used as a real case study for applying the proposed neutrosophic
method, due to the importance of this subject; this example illustrates well the applicability of the method.
This paper is divided into the following structure. The section of materials and methods contains the main
concepts of Neutrosophy, as well as some important aspects of Delphi method. Next section is dedicated to introduce the expert selection method for the neutrosophic Delphi we propose, and to illustrate it with a case study.
Finally, last section announces the conclusions of the paper.
2 Materials and Methods
This section describes the preliminaries on Delphi method in subsection 2.1, whereas the main concepts of
Neutrosophy are described in subsection 2.2.
2.1 Preliminaries on Delphi method
Delphi method allows expert groups to be consulted on a wide range of possible future developments in their
respective fields of action.
The main characteristics of the original Delphi method are the following:
Anonymity: There should be no physical contact between the participants, but the survey administrator can
identify each participant and their responses.
Iteration: It can handle as many rounds as necessary.
Controlled feedback: the total results of the previous round are not delivered to the participants, only a selected
part of the information circulates.
Statistical results: the group response can be presented statistically (mean and dispersion degree).
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Delphi method has the following phases:
1. The group of experts that will design the questionnaire is formed.
2. Participants (experts and non-experts in the specific topic of the survey) are selected.
3. The questionnaire is circulated among the participants (First Round).
4. The answers are analyzed, and the necessary clarifications can be requested from the participants and a
second questionnaire is prepared.
5. The second questionnaire is circulated among the participants, and they can re-evaluate their opinion in the
light of the other participants´ opinions.
6. Many Rounds as necessary can be carried out until it is noticed that opinions have been consolidated.
7. Finally, the information is summarized and presented, indicating the average values and their dispersion,
and it is analyzed by expert groups.
Table 1 summarizes the main variants of Delphi method, classified by their purpose, from the point of view of
experts’ participation and methodologies.
Delphi
variant
Classical

Purpose

Modified

The purpose depends on the research, e.g., to predict and to seek
group consensus.
To make decisions
and forecast.

Decision

Policy

Real time

Online

To collect opinions
and seek consensus.

To generate contrasting views on
policy and possible
solutions.
To elicit opinion and
seek consensus in
real time rather than
postal.
The purpose depends on the research, e.g., to predict and to seek
group consensus.

Experts
participation
Experts are selected
based on the objectives of the research.
Experts are selected
based on the objectives of the research.

Methodology
The elaborated instrument is sent by regular mail during
the development of each planned round. In the first round,
a qualitative analysis is carried out, the rest of rounds are
concluded with a quantitative type analysis.
The elaborated instrument is sent by regular mail during
the development of the first three rounds. The pre-selected
articles in the specialized literature on the subject should
be analyzed in both, their theoretical and practical content.

Decision
makers,
with high hierarchical position/expertise.
Policy makers qualified to suggest different alternatives.

From the elaborated instrument, experts’ decisions are issued, and this result is sent by regular or electronic mail,
after the rounds of application of the method.

Experts are selected
based on the research goals and are
available in the assigned time.
Experts are selected
based on the objectives of the research.

The elaborated instrument is analyzed according to the answers received on the same date and place. The first qualitative round is opened, and the rest of the rounds are concluded with their quantitative analysis.

The elaborated instrument is sent by email and it is analyzed in group meetings during the different rounds necessary to apply the method.

In the elaborated instrument, the conduct of the participants is reviewed via online contact, by means of chat
rooms or web forms. The first round is opened in its qualitative analysis and the rest of them are concluded in its
quantitative analysis.

Table 1: .List of Delphi variants and their purposes. Source: adapted from [8].

Some advantages of Delphi method are:
• It allows obtaining information on points of view in very broad or very specific topics.
• The analysis horizon can be varied.
• It allows the participation of a large number of people, without chaos.
Some disadvantages of Delphi method are:
• It has a high cost due to the amount of people and resources it requires.
• Its execution time can be quite long, from the formulation period to obtain the final results.
• It requires massive participation for the results to have statistical significance. However, the group must have
a high degree of correspondence with the topics to be covered in the exercise.
• A critical part of the method is the questions in the questionnaire.
2.2 Main concepts of Neutrosophy
Definition 1: [19-23] The Neutrosophic set N is characterized by three membership functions, which are the
truth-membership function TA, indeterminacy-membership function IA, and falsehood-membership function FA,
where U is the Universe of Discourse and xU, TA (x), IA (x), FA (x) ] −0, 1+ [, and −0inf TA (x) + inf IA (x) +
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inf FA (x)sup TA (x) + sup IA (x) + sup FA (x)3+ .
Notice that according to Definition 1, TA (x), IA (x), FA (x) are real standard or non-standard subsets of ] −0, 1+ [
and hence, TA (x), IA (x), FA (x) can be subintervals of [0, 1].
Definition 2: ([19-23]) The Single-Valued Neutrosophic Set (SVNS) N over U is A = {<
𝑥; TA (x), IA (x), FA (x) > : 𝑥U} , where TA : U[0, 1] , IA : U[0, 1] , and FA : U[0, 1] , 0 TA (x) + IA (x) +
FA (x)  3.
The Single-Valued Neutrosophic number (SVNN) [24] is expressed by N = (t, i, f ), such that 0 t, i, f  1 and
0 t + i + f 3.
Definition 3: [19-23] The single-valued triangular neutrosophic number ã = 〈(a1 , a2 . a3 ); αã , βã , γã 〉, is a neutrosophic set on ℝ, whose truth, indeterminacy and falsehood membership functions are defined as follows, respectively:

αã( x−a1 ),
a2 −a1

αã,
Tã (x) = α a3 −x
ã(
),
a3 −a2

{ 0,

a1 ≤x≤a2
x = a2

(1)

a2 <𝑥≤a3

otherwise

(a2 − x + βã (x − a1 ))
,
a2 − a1
βã ,
Iã (x) =
(x − a2 + βã (a3 − x))
,
a3 − a2
{ 1,

a1 ≤ x ≤ a2
x = a2
a2 < 𝑥 ≤ a3

(2)

otherwise

(a2 − x + γã (x − a1 ))
,
a2 − a1
γã ,
Fã (x) =
(x − a2 + γã (a3 − x))
,
a3 − a2
{ 1,

a1 ≤ x ≤ a2
x = a2

(3)

a2 < 𝑥 ≤ a3
otherwise

Where αã , βã , γã ∈ [0, 1], a1 , a2 , a3 ∈ ℝ and a1 ≤ a2 ≤ a3 .
Definition 4: [19-23] Given ã = 〈(a1 , a2 , a3 ); αã , βã , γã 〉 and b̃ = 〈(b1 , b2 , b3 ); αb̃ , βb̃ , γb̃ 〉 two single-valued
triangular neutrosophic numbers and  any non-null number in the real line. Then, the following operations are
defined:
Addition: ã + b̃ = 〈(a1 + b1 , a2 + b2 , a3 + b3 ); αã ∧ αb̃ , βã ∨ βb̃ , γã ∨ γb̃ 〉
Subtraction: ã − b̃ = 〈(a1 − b3 , a2 − b2 , a3 − b1 ); αã ∧ αb̃ , βã ∨ βb̃ , γã ∨ γb̃ 〉
Inversion: ã−1 = 〈( a3 −1 , a2 −1 , a1 −1 ); αã , βã , γã 〉, where a1 , a2 , a3 ≠ 0.
Multiplication by a scalar number:
〈(λa1 , λa2 , λa3 ); αã , βã , γã 〉,
λ>0
λã = {
〈( λa3 , λa2 , λa1 ); αã , βã , γã 〉,
λ<0
5. Division of two triangular neutrosophic numbers:
a a a
〈( 1 , 2 , 3 ) ; αã ∧ αb̃ , βã ∨ βb̃ , γã ∨ γb̃ 〉 , a3 > 0 𝑎𝑛𝑑 b3 > 0
b3 b2 b1
a3 a2 a1
ã
= 〈( , , ) ; αã ∧ αb̃ , βã ∨ βb̃ , γã ∨ γb̃ 〉 , a3 < 0 𝑎𝑛𝑑 b3 > 0
̃b
b3 b2 b1
a a a
〈( 3 , 2 , 1 ) ; αã ∧ αb̃ , βã ∨ βb̃ , γã ∨ γb̃ 〉 , a3 < 0 𝑎𝑛𝑑 b3 < 0
{ b1 b2 b3
6. Multiplication of two triangular neutrosophic numbers:
〈(a1 b1 , a2 b2 , a3 b3 ); αã ∧ αb̃ , βã ∨ βb̃ , γã ∨ γb̃ 〉,
a3 > 0 𝑎𝑛𝑑 b3 > 0
a3 < 0 𝑎𝑛𝑑 b3 > 0
ãb̃ = {〈(a1 b3 , a2 b2 , a3 b1 ); αã ∧ αb̃ , βã ∨ βb̃ , γã ∨ γb̃ 〉,
〈(a3 b3 , a2 b2 , a1 b1 ); αã ∧ αb̃ , βã ∨ βb̃ , γã ∨ γb̃ 〉,
a3 < 0 𝑎𝑛𝑑 b3 < 0
Where, ∧ is a t-norm and ∨ is a t-conorm.
Let ã = 〈(a1 , a2 , a3 ); αã , βã , γã 〉 be a single valued triangular neutrosophic number, then,
1
(4)
𝑆(ã) = [a1 + a2 + a3 ](2 + αã −βã − γã )
8
1.
2.
3.
4.
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1
(5)
𝐀(ã) = [a1 + a2 + a3 ](2 + αã −βã + γã )
8
They are called the score and accuracy degrees of ã, respectively.
̃ 1, A
̃ 2, ⋯ , A
̃ n } be a set of n SVTNNs, where A
̃ j = 〈(aj , bj , cj ); αã , βã , γã 〉 (j = 1, 2, …, n), then the
Let {A
j
j
j
weighted mean of the SVTNNs is calculated with the following Equation:
n

̃ = ∑ λj A
̃j
A

(6)

j=1

Where j is the weight of Aj, j[0, 1] and ∑nj=1 λj = 1.
Two scales of measurement used in the method are summarized in Tables 2 and 3, see [14].
Linguistic terms
Extremely unimportant (EU)
Not very important (NVI)
Not important (NI)
Medium (M)
Important (I)
Very important (VI)
Extremely important (EI)

SVTNN
〈(0,0, 1); 0.00, 1.00, 1.00〉
〈(0, 1, 3); 0.17, 0.85, 0.83〉
〈(1, 3,5); 0.33, 0.75, 0.67〉
〈(3, 5,7); 0.50, 0.50, 0.50〉
〈(5, 7,9); 0.67, 0.25, 0.33〉
〈(7, 9, 10); 0.83, 0.15, 0.17〉
〈(9, 10, 10); 1.00, 0.00, 0.00〉

Table 2. Importance weight as linguistic variables and their associated SVTNN. Source: [14].

Linguistic term
Very low (VL)
Medium low (ML)
Low (L)
Medium(M)
High (H)
Medium high (MH)
Very high (VH)

SVTNN
〈(0,0, 1); 0.00, 1.00, 1.00〉
〈(0, 1, 3); 0.17, 0.85, 0.83〉
〈(1, 3,5); 0.33, 0.75, 0.67〉
〈(3, 5,7); 0.50, 0.50, 0.50〉
〈(5, 7,9); 0.67, 0.25, 0.33〉
〈(7, 9, 10); 0.83, 0.15, 0.17〉
〈(9,10, 10); 1.00, 0.00, 0.00〉

Table 3: Linguistic terms for evaluations associated with SVTNN. Source: [14].

3 Results
In this paper, the proposed procedure is exposed in detail. The Competence Coefficient (K) determines the
experts’ competence, which can be calculated by different procedures according to [25], such as the ones listed
below:




Based on the Knowledge Coefficient (Kc) and the Coefficient of Argumentation (Ka) in this procedure, the experts’ competence is determined by the competence coefficient (K), to measure
their level of knowledge about the problem and with the sources that allow us to argue these
criteria (Ka), [26].
From the Coefficient of Theoretical Knowledge and the Coefficient of Practical Knowledge.

In the procedure for the selection of experts, we considered three fundamental stages as described in Table 4:
Stages
Stage 1: Preparation
of experts’ list

Stage 2: To fix the
number of experts

Stage 3: Experts issue
their consent to participate in the investigation

Subject content
In the elaboration of the experts’ list, a study is carried out on their quality and their workplace is
also considered, as well as their real possibility of collaboration. Internal experts (belonging to the
organization) and external experts (belonging to academic or business institutions) may be included in the list.
With respect to this stage, the number of experts should be less or equal to (nα), where α is a
numeric value included in the interval [0.1, 1], while parameter n represents the number of elements to measure in the study. According to the proposition that appears in [16] α is defined by
the principal investigator, however in this paper we propose to aggregate expert’s opinion for obtaining α, despite the other way is not rejected. After defining n, it is multiplied by the selected α,
resulting in the number of experts to choose.
During this stage, official invitation is sent to explain the pursued goal and what the work consists
of; they have to fill the questionnaire about personal data and the competence they have. Once the
response is obtained, the final experts’ list is determined, after which the specialists are informed
about their inclusion in the experts’ opinion.

Table 4: .Structure of the proposed procedure for experts’ selection. Source: The authors.
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Considering the subject of study, it is important to judge the complexity of the knowledge with regard to the
research problem, as shown in Table 5.
Very complex or not sufficientlyknown topic

Moderately complex or sufficiently
known topic

Simple or well-known topic

𝛂 ∈ [𝟎. 𝟏, 𝟎. 𝟒)

𝛂 ∈ [𝟎. 𝟒, 𝟎. 𝟕)

𝛂 ∈ [𝟎. 𝟕, 𝟏]

Table 5: .Values of α classified according to the subject complexity. Source: The authors.

The algorithm we propose is detailed below:
1. To create the experts’ list, experts are asked about their expertise as follows:
1.1 Each expert evaluates its knowledge on the subject in the scale VL, ML, L, M, H, MH, and VH.
Their corresponding SVTNN in Table 3 are converted into crisp values using Formula 5, let us call them
NKCi for i = 1, 2,…, N.
1.2 Each expert evaluates questions in the table below in form of VL, ML, L, M, H, MH, and VH
with weights measured in form of EU, NVI, NI, M, I, VI, and EI. The weights are assigned by the moderator, converted into crisp values using formula 5, and finally normalized. We called them wi.
Source of argumentation

Evaluation

Weight

Technical analysis that you have carried out during your professional life

̃ 1i
A

w1

Your experience in this subject

̃ 2i
A

w2

Your work with national authors

̃ 3i
A

w3

Your work with foreign authors

̃ 4i
A

w4

Your intuition

̃ 5i
A

w5

Table 5. Aspects to assess.

This table containing the aspects to assess was inspired by the one used in [27, 28].
̃ i = ∑5j=1 wj A
̃ ji for i = 1,
The SVTNNs associated with the evaluations are aggregated through formula 6, like A
2,…, N.
̃ i s are converted into crisp values using formula 5, let us call them NK ai.
A
NK +NK
Finally, for each potential expert i =1,2,…, N calculate NK i = Ci 2 ai.
2. Corresponding to Stage 2 of Table 4, potential experts express their evaluations on the complexity of
the subject using the linguistic scale in VL, ML, L, M, H, MH, and VH of Table 3. Let us denote them by
E1 , E2 , … , EN and their evaluations by v1 , v2 , … , vN .
Next, v1 , v2 , … , vN are converted into crisp values using Equation 5 denoted by v̅1 , v̅2 , … , v̅N and they are normalized dividing by 10.875, which is the crisp value associated with ‘Very High’. Then, αi =
̅i
v
max (1 − 10.875
, 0.1), i = 1, 2,…, N.
∑N α

i
Finally, α = i=1
, and its linguistic interpretation can be seen in Table 5, in form of either “Very complex
N
or not sufficiently-known topic”, “Moderately complex or sufficiently known topic” or “Simple or well-known
topic”. Additionally, n is also fixed.

To finish this stage, the number of experts is established as m = nα.
3
The obtained values NK i are sorted in descending order. The first m experts corresponding to this order
are selected for evaluating in Delphi method. It is recommendable to choose in the previous set experts who satisfy
NK i ≥ 7.2188, where this threshold corresponds to the crisp value associated with ‘High’ after applying formula
5.
Example
In this example, the previous algorithm is applied to a real case, corresponding to experts´ selection in certain
hotel of the Meliá Group, located in the touristic destination Varadero, in Cuba, to measure the Intellectual Capital.
The moderator establishes the importance of each of the five aspects as it is summarized in Table 6:
V. Vega Falcón, B. Sánchez Martínez, F. Castro Sánchez, M. Navarro Cejas. Experts’ Selection for Neutrosophic Delphi Method. A Case Study of
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Source of argumentation

Linguistic weight

Crisp weight

Technical analysis that you have carried out during
your professional life
Your experience in this subject
Your work with national authors
Your work with foreign authors
Your intuition

VI

9.2625

Relative
weights
0.22424

EI
M
I
VI

10.875
4.6875
7.2188
9.2625

0.26328
0.11348
0.17476
0.22424

121

Table 6: Moderator’s linguistic evaluation on the importance of each aspect, its crisp corresponding value and the normalized values.

Table 6 contains the crisp value associated with the evaluations, after applying formula 5 and the normalization
of these values in the rightmost column.
Thirteen experts for being potentially selected were self-evaluated as it is summarized in Table 7.
Expert
E1
E2
E3
E4
E5
E6
E7
E8
E9
E10
E11
E12
E13

Knowledge
L
L
L
L
M
M
M
M
M
M
M
M
M

̃𝟏
𝐀
H
H
H
H
M
L
H
H
VL
L
M
M
M

̃𝟐
𝐀
H
H
H
H
M
L
H
H
VL
L
M
M
M

̃𝟑
𝐀
L
L
L
L
M
H
L
L
MH
H
M
M
M

̃𝟒
𝐀
L
L
L
L
M
H
L
L
MH
H
M
M
M

̃𝟓
𝐀
MH
MH
MH
MH
M
L
H
H
VL
L
M
M
M

Table 7. Measure of expertise for every potential expert obtained by self-evaluation.

Table 7 contains the linguistic evaluations of the 13 experts according to the linguistic scale in Table 3.
̃ js for each expert according to the scalar weights calculated in Table 6, as
Table 8 summarizes the aggregation of A
well as their corresponding SVTNN.
Expert

Knowledge

̃
𝐀

E1

〈(1, 3,5); 0.33, 0.75, 0.67〉

〈(4.30, 6.30, 8.07); 0.33, 0.75, 0.67〉

E2

〈(1, 3,5); 0.33, 0.75, 0.67〉

〈(4.30, 6.30, 8.07); 0.33, 0.75, 0.67〉

E3

〈(1, 3,5); 0.33, 0.75, 0.67〉

〈(4.30, 6.30, 8.07); 0.33, 0.75, 0.67〉

E4

〈(1, 3,5); 0.33, 0.75, 0.67〉

〈(4.30, 6.30, 8.07); 0.33, 0.75, 0.67〉

E5

〈(3, 5,7); 0.50, 0.50, 0.50〉

〈(3, 5,7); 0.50, 0.50, 0.50〉

E6

〈(3, 5,7); 0.50, 0.50, 0.50〉

〈(1.44, 2.73, 4.73); 0.33, 0.75, 0.67〉

E7

〈(3, 5,7); 0.50, 0.50, 0.50〉

〈(3.85, 5.85, 7.85); 0.33, 0.75, 0.67〉

E8

〈(3, 5,7); 0.50, 0.50, 0.50〉

〈(3.85, 5.85, 7.85); 0.33, 0.75, 0.67〉

E9

〈(3, 5,7); 0.50, 0.50, 0.50〉

〈(2.02, 2.59, 3.59); 0.00, 1.00, 1.00〉

E10

〈(3, 5,7); 0.50, 0.50, 0.50〉

〈(1.44, 2.73, 4.73); 0.33, 0.75, 0.67〉

E11

〈(3, 5,7); 0.50, 0.50, 0.50〉

〈(3, 5,7); 0.50, 0.50, 0.50〉

E12

〈(3, 5,7); 0.50, 0.50, 0.50〉

〈(3, 5,7); 0.50, 0.50, 0.50〉

E13

〈(3, 5,7); 0.50, 0.50, 0.50〉

〈(3, 5,7); 0.50, 0.50, 0.50〉

̃ s for each expert.
Table 8. SVTNN values of knowledge and A

̃ s for each expert, as well as NKs
Finally, Table 9 contains the crisp values associated with knowledge and A
indexes and their ranking.
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Expert
E1
E2
E3
E4
E5
E6
E7
E8
E9
E10
E11
E12
E13
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Knowledge
2.5312
2.5312
2.5312
2.5312
4.6875
4.6875
4.6875
4.6875
4.6875
4.6875
4.6875
4.6875
4.6875

̃𝐢
𝐀
5.2509
5.2509
5.2509
5.2509
4.6875
2.5031
4.9359
4.9359
2.0500
2.5031
4.6875
4.6875
4.6875

𝐍𝐊 𝐢
3.8910
3.8910
3.8910
3.8910
4.6875
3.5953
4.8117
4.8117
3.3687
3.5953
4.6875
4.6875
4.6875

Ranking
7
7
7
7
3
11
1
1
13
11
3
3
3

̃ s for each expert, and their NKs indexes and ranking.
Table 9. Crisp values of knowledge and A

Finally, to select the number of experts, we have to calculate . We ask every expert how he/she evaluates
the complexity of the subject “Intellectual Capital” in hotel business, and their responses are given in Table 10.
Expert
E1
E2
E3
E4
E5
E6
E7
E8
E9
E10
E11
E12
E13

Complexity
H
H
MH
H
H
MH
H
H
MH
M
H
MH
H

Table 10: Evaluation of subject complexity by each expert.

Thus, according to Table 10, we have α = 0.29628, which is classified as a “Very complex or not sufficientlyknown topic”. Twenty-five is the number of elements to measure in the context of Intellectual Capital for this hotel.
Thus, the number of experts to select is m = 25x0.29628 = 7.4070 ≈ 7. Therefore, the selected experts are
E7, E8, E5, E11, E12, E13, and E1. The selection of E1 among the set of experts {E1 , E2 , E3 , E4 } with equal NK was
based on an additional criteria assessed by the moderator.
Conclusion
This paper has the objective of proposing a new experts’ selection method for neutrosophic Delphi technique.
This method considers experts self-evaluation and the weights assigned to each criteria by the moderator. Singlevalued triangular neutrosophic numbers are used for the model. The advantages of the new method are (1) simplicity, (2) it considers indeterminacy, (3) the calculus is made on linguistic terms, and (4) it allows ranking each
expert according to their self-evaluations. The indexes are inspired by the well-known KC and Ka for experts’
selection. However, because of those indexes are generalized to the neutrosophic framework, they are more adequate to use due to the aforementioned advantages. Finally, we illustrate the applicability of the method with a
real-life example to measure Intellectual Capital in a hotel activity.
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